Background-Community health workers (CHWs) are lay individuals who are trained to serve as liaisons between members of their communities and healthcare providers and services.
INTRODUCTION
In 2010, an estimated 207,090 women were diagnosed with breast cancer (BC) in the United States.(1) The U.S. Preventive Services Task Force recommends screening mammography every 2 years for women age 50 to 74 years, and recommends screening for women age 40 to 49 years be based on an individual's risk factors. ( 2) The American Cancer Society recommends yearly mammography beginning at age 40.(3) Early detection of BC is associated with reductions in mortality and improvements in survival rates. (4, 5) There are significant racial and socioeconomic disparities in BC mortality, survival rates, and cancer stage at diagnosis in the United States. (6) (7) (8) (9) (10) Women who are less likely to adhere to screening mammography guidelines include those who are: ethnic or racial minorities; lacking comprehensive health insurance or a usual source of medical care; nonEnglish speakers; immigrants; living in rural areas; or socioeconomically disadvantaged. (11) (12) (13) (14) (15) (16) (17) (18) (19) One model of BC screening promotion that has been implemented and evaluated frequently is the community health worker (CHW) model. CHWs are lay individuals trained to serve as liaisons between members of their communities and health care providers and services. (20) Historically, CHWs serve low-income, medically underserved, racial/ethnic minority, and hard-to-reach populations. (21) Previous systematic reviews on the effectiveness of CHWs on increasing screening mammography have several limitations. These reviews combined mammography with other health behaviors, (22) combined CHW interventions with other mammography-enhancing intervention strategies, (23) (24) (25) and combined between-group studies (comparing CHW interventions to comparison group) and within-group studies (comparing mammography rates over time in a CHW intervention group), (26) making it difficult to draw conclusions about effectiveness of CHW interventions in improving screening mammography. To conclusively assess effect of CHW interventions in increasing screening mammography rates, we performed a systematic review. The objective was to synthesize and critically appraise available evidence on effectiveness of CHW interventions in increasing screening mammography rates compared to a control group in any population.
MATERIALS AND METHODS
A study protocol was developed clearly outlining a priori all stages of the systematic review process.
Search Strategy
We performed a comprehensive search of CINAHL, Medline, PsychInfo, and Web of Science databases for years 1980 through January 31, 2008 . A broad search strategy was used to identify relevant articles and included 21 terms for CHW plus 5 BC terms to capture all studies evaluating CHW interventions to improve mammography screening. These terms included both MeSH terms and other identified key words.
Each search provided citations that were downloaded into an Endnote database. (27) After duplicate citations were removed, all titles and abstracts were reviewed by two study authors independently for their eligibility for inclusion. If a decision on inclusion was not made on initial review, the full text article was obtained. Reference lists of all eligible articles were also reviewed, and authors of the present paper were asked to provide any additional publications not captured by the search.
Inclusion Criteria
Studies published in English and conducted in the United States were eligible for inclusion if they: (1) evaluated a CHW intervention designed to increase screening mammography rates in women 40 years of age or older without a history of BC; (2) were a randomized controlled trial (RCT), case-controlled study, or quasi-experimental study; and (3) were studies in which the CHW intervention was delivered outside of a hospital. Studies were limited to those conducted in the United States because of vast differences between health systems in the United States and those in other English speaking countries. Since CHW interventions are known by many terms, a definition of CHW was created to differentiate CHW studies from other interventions: "any health care worker who is involved with carrying out the intervention but who does not necessarily have formal professional or paraprofessional education." This definition is similar to other definitions in previous reviews evaluating CHW research. (22, 28) 
Data Abstraction
The primary outcome variable, receipt of mammography, was abstracted from each article as it was reported prior to the CHW intervention (baseline) and following intervention (follow-up) for both participants who received CHW as well as comparison groups. Data were extracted for pre-specified sensitivity analyses on sample source (medical or community setting and urban or rural setting), description of intervention, components of intervention, and characteristics of CHWs. The following data were collected to assess methodological quality of research reported in each publication: generation of randomization sequence, matching of control to intervention participants in quasiexperimental studies, and use of intention-to-treat (ITT) analysis.
Data extraction was performed by two reviewers independently using a standardized data abstraction form. Any disagreements in data abstraction were resolved by consensus in collaboration with a third author. Data were entered into separate SPSS databases.(29) Using Graph Pad Software,(30) Kappa coefficients were calculated to assess agreement between the two raters on six study variables used in sensitivity analysis. Kappa coefficients calculated for six variables indicated agreement ranged from "moderate" (0.410) to "almost perfect agreement" (0.885).(31)
Statistical Analysis
Dichotomous data (i.e., number of participants who did and did not receive screening mammography in both intervention and comparison groups at follow-up) were used to calculate a risk ratio (RR), and summary results (RR) from each study were pooled under a random effects model. A formal statistical test for heterogeneity using an I 2 test was performed. (32) The main study analyses were conducted using Review Manager. (32) Because cluster or group randomized trials (CRTs) are frequently used in research on efficacy of CHWs, we explored the impact of various imputed values of intra-class correlation (ICC) on pooled estimates. ICC is the 'similarity' of individuals within clusters, such as clinics or communities. A CONSORT guideline pertaining to CRTs explicitly recommends statistical adjustments for cluster randomization be used in power calculations and analysis of primary outcomes, with reporting of ICC.(33) Not accounting for clustering in analysis of CRTs creates a 'unit of analysis error' when CRTs are combined with trials that randomized individuals in a meta-analysis. Correcting for clustering inflates variance of point estimates [RRs or odds ratios (ORs)] in individual CRTs, giving less weight to these studies in random effects meta-analysis.
A recent meta-analysis of enhanced care for depression concluded CRTs produced similar results to individually randomized trials. However, the analysis was based on relatively small values of ICC (ICC=0.02 and 0.05). (34) In contrast, a recent study reported ICC estimates in screening mammography CRTs to be as high as 0.2166. (35) A lack of adjustment for clustering tends to inflate treatment effects. (36) We also explored the effect of cluster imbalance on pooled results.
To perform these analyses, similarities between individuals within a cluster are measured by ICC. Given the average cluster size m, the design effect (DE), defined by measures effect on variance of an estimate of treatment effect attributed to clustering. The ICC-adjusted random effects meta-analysis was performed in the Bayesian setting due to ease of adjusting ICCs for an empirical prior distribution. Using Winbugs version 1.4.1., (37, 38) adjustment of cluster size imbalance was applied to DE minimum variance weights corrected estimates based on the Pareto principle in which 80% of participants belong to 20% of clusters.(39) For each outcome, 5,000 burn-in simulations were used, with the additional 45,000 simulations to obtain OR estimates. A flat uniform distribution on 0-1 range has been recommended for priors of ICCs in case of absence of prior knowledge. (40) However, based on a recent study of ICC estimates for cancer screening outcomes, (35) unadjusted ICC estimates for mammography screening rates ranged from 0.0009 to 0.2166, so we adopted a conservative but informative empirical uniform prior on (0,0.5), for imputed values of ICC (ICC=0.05,0.1,0.2). The pooled results are reported as ORs with corresponding 95% credibility intervals.
RESULTS

Study Identification
The initial database search yielded 265 articles (Figure 1 ), of which 24 met inclusion criteria. Of the 24 articles included in the systematic review ( (41, 42, 44, 45, 50, 51, 53, 54, 56, 58, 60, 61, 63, 64 ) and 10 were quasi-experimental studies. (43, 46-49, 52, 55, 57, 59, 62) 
Outcomes of CHW Intervention on Receipt of Screening Mammography
All Trials-Most studies (75%) collected data on screening mammography use via selfreport interviews or surveys. (41-47, 49, 51-55, 58-60, 63, 64) Other studies collected mammography data through chart reviews, (56, 61) health insurance claims data, (57, 62) or through a combination of self report and chart reviews. (50) The most common time frame in which screening mammography was collected was one year (45, 49-51, 54-56, 64) and two years, (41, 46, 49, 50, 55, 57, 59, 61, 62, 64) with two studies reporting time frames in between one and two years. (43, 58) Several studies evaluated the CHW intervention's effect on lifetime receipt of screening mammography. (43, 47, 49, 52, 53) Of 18 studies with sufficient data to evaluate receipt of screening mammography in the meta-analysis, 10 (56%) were RCTs, (41, 42, 44, 45, 50, 56, 58, 60, 61, 63 ) and 8 were quasi-experimental. (43, 46, 47, 52, 55, 59, 62) The pooled RR of obtaining screening mammography based on 28,836 mammography events (9,342 intervention;19,494 control) was 1.06 (95% CI:1.02,1.11,p=0.003), indicating a statistically significant effect of CHW interventions on improving rate of screening mammography (Figure 2 ). However, there was a statistically significant heterogeneity among included studies (I 2 =80%;p<0.00001). Figure 2 ), indicating no effect of CHW interventions on rate of screening mammography. There was a statistically significant heterogeneity among included studies (I 2 = 84%;p<0.00001).
Quasi-Experimental
Randomized Controlled Trials-The pooled RR of obtaining screening mammography based on 14,159 mammography events (7,107 intervention;7,052 control) in 10 RCTs (14 comparisons) (41, 42, 44, 45, 50, 56, 58, 60, 61, 63 ) was 1.07 (95% CI:1.03,1.12,p=0.0005, Figure 2 ) indicating a statistically significant effect of CHW interventions on improving rate of screening mammography. There was a statistically significant heterogeneity among included trials (I 2 =78%;p<0.00001).
Sensitivity Analyses
To assess robustness of our findings and account for observed heterogeneity among included studies, we performed additional analyses. Results from quasi-experimental studies varied both in magnitude and direction of effect. Therefore, quasi-experimental studies were excluded from further sensitivity analysis. Sensitivity analysis focused on the following factors that may be associated with success of CHW interventions in the 10 RCTs: methodological quality (cluster versus individual randomization, intent-to-treat analysis), choice of control intervention, method of measuring study outcome (self-report versus chart review), setting of participant recruitment (medical versus community and rural versus urban), number of CHW intervention components, and characteristics of CHWs.
Methodological Quality-A critical appraisal of methodological quality of all studies was conducted, including information about study design and analyses ( Table 2) .
Unit of Randomization:
Six RCTs (60%) randomized individual participants to either CHW intervention or comparison group (44, 50, 56, 60, 61, 63) whereas in the other 4, unit of randomization was a cluster or group to which participants belonged, such as a work site or church. (41, 42, 45, 58) None of the CRTs reported power calculations or whether they were adjusted for clustering effects. Three trials (41, 42, 45) incorporated clustering effects in the main statistical analysis, but did not report estimated ICC values. The fourth trial (58) reported the value of ICC (−0.0015), which was appropriately assumed to indicate no design effect for the primary outcome measure, and data were analyzed at individual rather than cluster level.
In RCTs that randomized individual participants, CHW intervention was associated with a statistically significant increase in screening mammography (RR:1.39,95% CI:1.13, 1.70,p=0.002). In RCTs that randomized groups to treatment condition, CHW interventions were not associated with increases in screening mammography (RR:1.02, 95% CI: 1.00,1.04,p=0.05). There was statistically significant heterogeneity among included trials that used individuals as unit of randomization (I 2 =80%; p=0.0002). RCTs that used groups as unit of randomization did not demonstrate heterogeneity (I 2 =27%;p=0.22). Compared with unadjusted estimates, OR estimates adjusted for ICC and imbalance were statistically significant, indicating that CHWs improve rates of screening mammography. However, adjusted ORs were closer to the point of no effect ( Figure 3 ).
Intent-to-Treat Analysis: Pooled data from 3 RCTs which performed ITT analysis (50, 61, 63) indicate that a CHW intervention was not associated with increases in screening mammography (RR:1.48, 95% CI:0.85,2.59,p=0.17). In 7 studies (11 comparisons) that did not perform ITT analysis, (41, 42, 44, 45, 56, 58, 60) a CHW intervention was associated with increases in screening mammography (RR:1.06, 95% CI:1.02,1.10,p=0.004). Both studies that conducted ITT analysis (I 2 =82%;p=0.004) and studies that did not conduct ITT analysis (I 2 =77%;p<0.00001) demonstrated significant heterogeneity.
Choice of Control Intervention-RCTs comparing CHW interventions to routine care (7 trials involving 11 comparisons due to multiple intervention groups or different comparisons by age) (41, 42, 44, 45, 50, 58, 60) were associated with a statistically significant increase in screening mammography (RR:1.04,95% CI:1.01,1.07,p=0.007). The only RCT employing health education as control (56) compared with CHW also showed a statistically significant benefit with use of a CHW intervention (RR:1.56;95% CI: 1.29,1.89;p<0.00001). The pooled RR from 2 RCTs that used mammography reminders as control (61, 63) showed a statistically non-significant difference compared with CHW (RR: 1.82,95% CI:0.83,4.01,p=0.14). However, there was statistically significant heterogeneity among included trials that used routine care (I 2 =65%;p=0.002) or mammography reminders (I 2 =73%;p=0.05) as control.
Method of Measuring Study Outcome-There was significant variation in measurement of study outcome, receipt of mammography, which limited sensitivity analyses that could be conducted on length of time in which mammography was measured ( Table 2 ). The interval of measurement reported in the RCTs ranged from receipt of mammography in the past 6 months to receipt of mammography in the past 3 years. Seven of 10 RCTs measured screening mammography outcome using participant self-report. (41, 42, 44, 45, 58, 60, 63) Two studies measured screening mammography with chart review, (56, 61) and one combined self-report and a review of patients' medical records.(50) CHW interventions were effective at increasing screening mammography when mammography was measured by chart review alone (RR:1.93,95% CI:1.15,3.23,p=0.01) or by chart review plus self report (RR:1.10,95% CI:1.02,1.19,p=0.009). The pooled RR for the 7 RCTs (11 comparisons) which measured mammography using self report indicated CHW interventions were not associated with increases in screening mammography (RR:1.03,95% CI:1.00,1.06,p=0.02). There was statistically significant heterogeneity among included trials that used chart review alone (I 2 =73%;p=0.06) and self-report alone (I 2 =59%;p=0.007) to measure the mammography outcome.
Study Setting
Medical versus Community Setting: Five studies recruited participants from a medical setting, (50, 56, 60, 61, 63) and 4 (7 comparisons) recruited participants from a community setting (e.g., church, neighborhood). (42, 44, 45, 58) In one study, participants were recruited from a work setting(41) which was not coded as either a community or medical setting, and was therefore excluded from sensitivity analysis. CHWs were effective in increasing rates of screening mammography in RCTs recruiting participants from a medical setting (RR: 1.41,95% CI:1.09,1.82,p=0.008) or community setting (RR:1.05,95% CI:1.01,1.10,p=0.02). There was statistically significant heterogeneity among included trials for both subgroups (medical setting:I 2 =81%;p=0.0003; community setting:I 2 =70%;p=0.003).
Urban versus Rural Setting: Six RCTs were conducted in an urban setting, (44, 45, 50, 58, 60, 61) 3 (7 comparisons) in a rural setting, (42, 56, 63) and one(41) (2 comparisons) did not report information on setting. Studies performed in an urban area showed (RR:1.23,95% CI: 1.09,1.39,p=0.001) a statistically significant benefit associated with CHW compared with control. Pooled results for studies performed in a rural setting (RR:1.05,95% CI: 1.00,1.11,p=0.06) or unknown setting (RR:1.01,95% CI:0.98,1.03,p=0.69) did not demonstrate a benefit associated with CHW compared with control. There was statistically significant heterogeneity among the subgroup of studies performed in an urban (I 2 =74%;p=0.002) or rural setting (I 2 =78%;p=0.0003), but not the two included comparisons for the study that did not report setting (I 2 =0%;p=0.75).
Number of Intervention Components-The CHWs were described using several different terms, such as indigenous community leaders,(46) consejeras, (51) (52) (53) (54) .0002) were associated with a statistically significant increase in rates of mammography. There was statistically significant heterogeneity among included RCTs in subgroups where CHW used 1 (I 2 =75%;p=0.02) or 2 intervention components (I 2 =74%;p=0.0004). There was a statistically non-significant heterogeneity among included RCTs in the subgroup with 3 CHW intervention components (I 2 =0%;p=0.81).
Racial or Ethnic Concordance of CHW and Target Population-
The studies reviewed targeted a number of different populations. Ninety-two percent of the studies included ethnic or racial minority participants or focused on low-income populations. Pooled results from RCTs that reported matching CHW and target population by race or ethnicity (44, 56, 61, 63) (RR:1.58,95% CI:1.29,1.93,p<0.0001) and that did not report matching CHW and target population by race or ethnicity (41, 42, 45, 50, 58, 60) (RR: 1.03,95% CI:1.01,1.05,p=0.02) showed a statistically significant improvement in adherence to screening mammography, however, the effect was stronger for the RCTs that matched CHWs to participants by race and ethnicity. There was not statistically significant heterogeneity among either subgroup of studies (concordant:I 2 =45%;p=0.14; not concordant:I 2 =45%;p=0.06).
DISCUSSION
The result from this meta-analysis of 18 studies enrolling a total of 26,660 participants indicates CHW interventions are associated with a statistically significant increase in rates of screening mammography, but tend to have stronger effects in specific settings and study designs and when participants and CHWs were similar ethnically or racially. When RCTs were compared to quasi-experimental studies, the significant increase in screening mammography rates due to CHW interventions was observed in RCTs, but not in quasiexperimental studies. In RCTs, all studies demonstrated either a neutral (intervention neither increased nor decreased mammography rates) or positive intervention effect (intervention increased mammography rates), indicating CHWs were more effective than control in improving screening mammography rates. In quasi-experimental studies, direction of intervention effects was both positive and negative. These findings point out to inherent biases associated with observational study designs. Overall, there was significant heterogeneity in studies, with varying populations, varying lengths of intervention, varying lengths of follow-up after intervention, and varying time frames for the mammography outcome. Imputing different values of ICC had minimal effect on the distribution of point estimates of ORs or credibility intervals. So, there was little impact of similarity of different clusters (e.g., clinics) as a result of using a CRT design on overall effectiveness of CHW interventions on screening mammography. Overall, our findings are similar to results of previous studies. (21, 65) Results of the present study are also similar to findings of a recent systematic review (26) which found a subset of CHW interventions was associated with significantly greater screening mammography utilization rates when compared to controls or other interventions (mail, print, minimal CHW). Our study improves on this recent review by providing a meta-analysis of all studies evaluating impact of CHWs on screening mammography. In addition, through sensitivity analyses of data from RCTs, the present study provides information regarding specific situations where CHW interventions are most likely to be beneficial (interventions conducted in urban settings, recruitment of participants from medical settings, measuring mammography outcome using a chart review, CHW interventions with 3 or more components, and interventions where CHW and patients are racially or ethnically concordant). The findings of our study differ from those of Lewin,(22) who found no beneficial effect (RR:1.05, 95% CI: 0.99,1.12,p=0.10) of CHW interventions on screening mammography based on a meta-analysis of 4 RCTs conducted internationally. While our analysis includes 3 of the 4 studies reported by Lewin,(22) our analysis also includes twice as many RCTs as well as quasi-experimental studies. Thus, our results came from a larger pool of data that may not be as strongly influenced by results of one individual study.
A lack of information reported in articles did not allow for detailed sensitivity analysis of methodological study quality. Sensitivity analysis comparing unit of randomization indicates CRTs of CHW interventions did not lead to increased mammography rates, whereas studies that randomized individuals were associated with a significant increase in mammography. Additionally, there was no significant increase in mammography screening in 3 studies that utilized ITT analysis to evaluate a CHW intervention, (50, 61, 63) but there was a significant increase in studies without ITT analysis. This lack of intervention effect may be related to smaller pooled sample size of the 3 studies (n=2019) or may suggest possible biases favoring intervention effect in studies that used per-protocol analyses, rather than ITT. (66) CHW interventions were associated with increases in rates of screening mammography in studies with routine care or health education, but not in studies with mammography reminders. Screening reminders may exert a strong effect on mammography rates, as noted by others. (67, 68) Most RCTs reviewed included mammography referrals, reminders, or appointment scheduling as one CHW intervention component. (42, 44, 45, 50, 56, 58, 61, 63) This finding points to the need to determine components of CHW interventions most strongly associated with increases in screening mammography in order to improve efficiency of CHW programs.
Both community and medical settings of recruitment were associated with increases in screening mammography related to a CHW intervention, but the effect was stronger in participants recruited from a medical setting. Connecting patients to a medical setting is important in designing a CHW program as establishing a usual source of care is a known predictor of mammography screening. (16, 69) In addition, CHW interventions that took place in an urban setting were associated with screening mammography increases, whereas CHW interventions conducted in rural settings were not. These differences may reflect difficulties in obtaining a mammogram in a rural area. (19) RCTs that delivered at least 3 types of interventions were associated with increases in screening mammography. These findings concur with previous findings(24) indicating interventions with multiple intervention components were associated with stronger increases in screening mammography rates. While the studies reviewed tended to focus or include historically or medically underserved populations, the RCTs that reported concordance between participants and CHWs on race or ethnicity indicated a stronger CHW intervention effect on screening mammography than studies where race and ethnic concordance was not described or performed. In contrast, a previous systematic review found concordance between physicians' and patients' race or ethnicity was not associated with improved health outcomes or patients' utilization of health care.(70) Sensitivity analyses could not be conducted to evaluate differences in effectiveness of CHW interventions by different population groups because the majority of the RCTs targeted multiple underserved populations. Thus, there was no way to categorize them in a meaningful way for comparisons.
There are several limitations to this systematic review and meta-analysis. The study may be biased as it included only published peer-reviewed articles. Although unpublished works were eligible for inclusion in the review, none met inclusion criteria. This review was limited to studies published in English and implemented in the United States. Thus, metaanalysis results may not generalize to countries providing better or worse access to mammography screening services. In addition, sensitivity analyses were based on a small number of RCTs and should be interpreted with caution. The systematic review is also limited by reporting of data in original articles. Several sensitivity analyses could not be conducted due to significant variability in populations, interventions, and study designs reported. This variability is expected in the context of conducting research on interventions designed to meet local needs of various populations and under different breast screening guidelines in place throughout the years, but variability makes it difficult to combine data into meaningful categories.
The findings have significant implications for public health practice by indicating CHW interventions are associated with improvements in rate of one time screening mammography, especially in medical settings, urban settings, and in participants who are racially or ethnically concordant with the CHW. However, as mammography is a behavior that must be repeated multiple times, there is still much that is unknown regarding efficacy of CHW interventions in increasing repeated BC screening. A recent systematic review and meta-analysis of the effectiveness of various types of interventions designed to promote repeat BC screening found studies that utilized screening reminders only and studies that used more intensive interventions (including CHWs) were both associated with increases in repeat mammography.(68) Future research should evaluate whether CHW interventions are associated with repeat mammography screening and initiation of mammography screening. Future systematic reviews are necessary to compare CHW interventions to other mammography promoting interventions, such as media interventions.(71) In addition, future systematic reviews should evaluate whether CHW interventions are associated with other cancer screening behaviors. Finally, future research should be conducted to definitively determine which participants and populations benefit most from CHW interventions and why. Effect of Intra-Class Correlation Adjustment on Odds Ratio Estimates. 
